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Abstract
The main objective of the simulation phase of this project was to analyze the safety aspects of intersections at multi-lane rural divided highways using a simulation approach, and to evaluate possible design and control alternatives in terms of accident reduction. The alternatives tested included some of the countermeasures suggested by the first two phases.
This phase of the project involved three parts. The first activity was to conduct a literature review involving driver gap acceptance at intersections on multi-lane highways, accident analysis and safety measurement techniques at such intersections, and a review of the available computer simulation models.
The second activity was composed of three steps:
1.
A field study at rural Indiana intersections to investigate driver behavior, 2. Traffic conflict studies at signalized as well as at unsignalized intersections, to select the appropriate safety measurements, and 3. Selection and subsequent modification of a computer simulation model for the purpose of simulating traffic at intersections under study
The last part of this phase of the project was to apply the validated computer model in evaluating operation and safety of traffic under different design and control alternatives.
The present report summarizes the results of a comprehensive literature survey conducted in the first part of the simulation phase of the project to select the computer model to be used in the study. 17 The studies by Greenshields (3) and Raff (4) In addition, Wagner (7) found that there was no evidence that truck driver behavior and car driver behavior were significantly different. The analysis of lags and gaps during peak and off peak showed that drivers accept smaller lags and gaps during peak periods.
As for the effect of direction of traffic movement, it was found that during peak period, it is necessary to segregate right turners from the other maneuvers, however, no significant difference was observed during off peak period between the left, straight, and right gap acceptance samples. 6 The reaction of side street drivers was studied in terms of starting delay time and it was found that starting delay time for succeeding vehicles was smaller and less disperse than for the first vehicle in the queue.
Tsongos and Wiener (8) have developed acceptance and rejection distributions for day and night conditions and they found a significant difference between the two conditions only for the very short and very long gaps 2-3 and 10-12 seconds.
Sinha and Tomiak (9) These values are dependent on the type of maneuver, the speed limit, and the type of priority control (stop or yield sign), the effects of which are shown in Table 2 . Correction values are added or subtracted to the base critical gaps of Table 2 to represent:
Width of main road.
2.
The existence of a median on main road.
3.
Radius for right-turning vehicles. 4 .
Angle between major and minor road.
5.
One way major road. 6 .
Percentage of heavy vehicles.
7.
Size of urban area.
The German Highway Capacity Manual (11) recommended values which are generally 0.5-1.50 seconds above those given in In an analysis of the efficiency of urban intersections Surti (17) observed that there were some indications that the driver on the minor accidents were found to be reduced significantly (21) . Another research group (22) concluded that the presence of the geometric elements (curves, grades, intersection, and structures) increased the accident rate on highways. The dominant element was intersections, which often gave accident rates three times as high as the rates on sections with none of the elements.
13
General experience with various kinds of improvements has been studied and summarized (23) . The summary of this study is given in are more meaningful than distance at intersections. Grossman (37) calculated the number of conflict zones in an Intersection, added together the flows which pass each zone and summed over all zones; this sum was his measure of exposure.
McDonald (38) Campbell and King (40) were of the opinion that the traffic conflict technique does detect accident potential prior to development of an accident history. Baker (41) applied the traffic conflict technique on 392 intersections before improvements were made and 173 intersections after the improvements. Baker felt that those characteristics of intersections that contribute to accident causation could be more readily exposed by using conflicts than by using conventional accident analysis techniques. Figure 1 shows the number of conflicts per 1,000 vehicles by hourly approach volumes as developed by Baker for the cases of one lane, two lanes, and three or more lanes per approach.
Paddock (42) developed a series of regression models in an attempt to find a reliable accident prediction model. In addition, substantial insight into the workings of the conflicts technique has been obtained.
A rural study by the Road Research Laboratory (43) showed that conflicts do not correlate well with reported injury accidents, however serious conflicts, which is defined to be a last second evasive movement 
